This research assesses damage to vegetation from accidental gaseous hydrogen fluoride leakage, through the analysis of spectral features of the damaged plants using digital aerial photographs and airborne hyperspectral imagery. The hyperspectral imagery was obtained 21 days after the leakage within visible and near-infrared wavelength range using CASI-1500 imager, and two aerial photographs composed of blue, green, red and near-infrared bands were also obtained in October 2, 2011 and November 15, 2012, respectively. The injuries on leaves and the outline of the leakage affected area were assessed by investigating vegetation index images calculated from the hyperspectral imagery and the aerial photograph obtained in November 15, 2012, with comparison to the index image calculated from the aerial photograph obtained in October 12, 2011. The affected areas were mainly distributed in the east of the leakage point, and this reflects predominant wind directions toward east during the leakage and within 24 hours after the leakage. In addition, the detailed changes in spectral reflectance curves of damaged vegetation were also investigated using the hyperspectral imagery. Paddy field and forest land were identified by cadastral map, and the reference areas for the comparison of the reflectance curve change were designated to each land cover type, by considering the most and least affected areas from the vegetation indices comparison results.
INTRODUCTION
Optical remote sensing technique has been successfully applied to monitoring effects from accidental pollution and environmental changes using multi-temporal data analyses. In September 27, 2012, about 8 tons of the hydrogen fluoride was leaked from a chemical factory in Gumi, South Korea, and this leakage caused visible injuries such as chlorosis and necrosis on leaves of trees and crops, which have been well known as typical symptoms of leaves affected from hydrogen fluoride (Linzon, 1986 , Ahmad et al., 2012 .
The affected areas from the leakage have to be identified and managed to ban on exports of crops produced in the leakage affected area and to pay compensation to the residents who live in the leakage affected area and to employees who work in the leakage affected area.
In this study, airborne hyperspectral imagery and aerial photographs were analysed to determine hydrogen fluoride leakage affected agricultural and forest areas with combining a cadastral map containing simplified land cover and land use information.
STUDY AREA AND DATA SET

Study Area
The hydrogen fluoride was leaked from a chemical factory located in the boundary of industrial area in Gumi, South Korea (figure 1). Paddy fields, dry fields and forest lands are mainly distributed around the leakage point. 
Hyperspectral Imagery and Aerial Photographs
The hyperspectral imagery was obtained 21 days after the leakage within a wavelength range from 365 to 1,050 nm using CASI-1500 imager, and two aerial photographs composed of blue, green, red and near-infrared bands were also obtained in October 12, 2011 and November 15, 2012, respectively 
Cadastral Map
Information of land use and land cover in the study area were examined from cadastral map. The cadastral map is basically composed of simplified 28 land classes and 20 classes among the land classes were included in the study area (table 2) . These cadastral land class information were used during the comparison of the effects from the leakage within identical classes, .e.g. paddy fields and forest lands. Table 2 . Cadastral land classes within the study area
Weather Data
To investigate spatial characteristics of the leakage affected area, hourly measured weather data including wind directions and speeds were collected for 21 days from the date of leakage to the acquisition date of the hyperspectral imagery. The weather data were measured in the weather station located about 12 km apart from the leakage point.
METHODOLOGY
A detailed workflow for the preprocessing and analysis steps conducted in this study is shown in figure 2 . Figure 2 . Workflow chart for the processing used in this study
Preprocessing of Data Set
The CASI hyperspectral imagery was registered with the aerial photographs and then atmospherically corrected using the FLAASH module of ENVI software. The aerial photographs were radiometrically normalized using pseudo invariant features, e.g. large roofs of factories consist of artificial materials, to directly compare the vegetation index image from the hyperspectral imagery.
Vegetation Index
The gas leakage effects on vegetation were assessed by comparing normalized difference vegetation index (NDVI) images. The formula of NDVI follows (Rouse et al., 1974) :
where ρ = reflectance at a specific band or wavelength
The NDVI was designed for broad band data, e.g. multi-spectral image, so the wavelengths of hyperspectral imagery for calculation of NDVI were designated to the centre of wavelength ranges of corresponding bands of the aerial photograph, i.e. 640 nm as the red band and 845 nm as the NIR band.
RESULTS
Assessment of Damage to Vegetation
The NDVI was calculated for the aerial photographs and the values higher than 1 caused by artificial land covers were masked out (figure 3 (a) and (b)). The NDVI using the hyperspectral imagery is shown in figure 3 To compare spectral reflectance curves of paddy fields and forest lands, gas leakage affected and unaffected areas were selected from the most and least affected areas and then their spectral reflectance curves are illustrated in figure 5 . Typical spectral reflectance characteristics of vegetation were eliminated in the damaged paddy field and forest land. 
Cadastral Map Overlapping
The affected parcels from the leakage were identified on the cadastral map (figure 6). The parcels mainly consist of paddy fields and forest lands, and the paddy fields can be considered to be banned on exports of crops produced. Figure 6 . Cadastral map of the study area
Analysis of Weather Data
Wind directions measured by the directions from which it originates were analysed to investigate movement of the gas after leakage (figure 7). The wind directions dominantly from west during 24 hours after the leakage and during 21 days after the leakage reflect more damaged vegetation in eastern area of the gas leakage point. The averaged wind speeds during 24 hours after the leakage was about 1.1 m/sec and this calm weather condition might cause stationary movement of the gas. 
CONCLUSIONS
The localities of vegetation showing hydrogen fluoride damages were identified by comparing the vegetation index images and the spectral reflectance curves, and this result can be used to update the cadastral map for the purpose of polluted areas management, e.g., ban on exports of crops produced in the leakage affected area and paying compensation to the residents who live in the leakage affected area and to the employees who work in the leakage affected area. In this study, simple vegetation index was used but application of chlorophyll indices, e.g. modified chlorophyll absorption in reflectance index (MCARI) (Daughtry et al., 2000) or transformed CARI (TCARI) (Haboudane et al., 2002) , using hyperspectral narrow bands can be meaningful due to the decrease of chlorophyll contents of the vegetation affected by hydrogen fluoride (Pandey, 1985) .
